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SEM-0bservationsontheSiliceousOolitesandOpalineSpheresOccurringat
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立山温泉新湯産緬状珪石および蛋白石の赤沓副電子顕微鏡による観察
赤羽久忠
富山市科学文化センター
中部地方立山火山のカルデラほぼ中央にある立山温泉新湯より，かって美しい緬状珪石
（玉滴石）や蛋白石が採集されたことがよく知られている（神保，1898,1904：篠本，
1895,1904：吉沢，1904,1907：伊藤・桜井，1947など)。
今回，共存する加状珪石と蛋白石について走査型電子顕微鏡による観察をおこなった。
その結果，従来の成因説（Darraghetal，1966,1976など)で説明が困難と思われる特異
な産状が観察されたので報告する。緬状珪石は，中心核をなす砂粒（岩片または鉱物片）
が温泉水の湧出に伴って温泉水中を運動する間に，コロイド状に浮遊する蛋白石の球状体
を合体同化することにより，球径を増したものと思われる。また，蛋白石の球状体自身も
温泉水を浮遊中に，遭遇する他の蛋白石の球状体と併合合体することにより球径を増した
ものと思われる。
ItiscommonknowledgethatsiliceousoolitesandopaloccurattheTateyamaHo皇
SpringShin-yu(Shinomoto,1895,1904；Ohtsuka,1891；Jimbo,1898,l904andlto＆SakuraL
l974)．
SEM-observationssuggestthatthesiliceousoolitesfromtheTateyamaHotSpringgrow
upduringassimilatingthesurroundingopalinespheres,andtheopalinespheresgrowbythE
assimilationwitheach(〕theraswell，ThisconclusionsdifferfromthestatementsthatthE
opalinespheresformedbyclusteringthehomogeneoussizedpaticlesbyDarraghetal(19“
1976)．
AtTateyamaHotSpringShin-yu，thehotwatergushesoutfromthebottomofthe
explosioncraterintheCalderaoftheTateyamaVolcanowhicheruptedatsomepomts
duringthelastfewhundredthousandyears(Yamasakietal,l966Fujii,1989)．
SiliceousoolitesandmasslveoDalswerecollectedfromtheedgesofthehotwaterlake
oftheTatevamaHotSpringShin-yu(PletelA)．ThesiliceousoolitesvaryfromO､lmmto
lOmmindiameters(PlatelB,C)．Allhaverockormineralfragmentsattheircores(Plate
llA,B)．Sometlmessiliceousoolitesandopalformindependentstrata,thoughtheywere
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oftenmixedtogether
X-raydiffractlon
mmeralfragmentsln
boththesamplesare
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(PlatellA～D)．
patterns(Figla,b)oftheopalandthesiliceousoolites(TherockoT
thecorewereremovedfromthecrushedsiliceousoolites）showthat
amorphous,thatis,Opal-A(Jones,J,BandSegnit,E､R，1971)．
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Fig.1X､raydiffracti()npattemsofsiliceous()olites(a）andopal(b)．
Theopalresemblesawhitechalkwithnakedeye，andtheSEM－imageshowsthatthe
opaliscomposedfrommesphericalmaterialscalledopalinesphere（PlatelVB)．Thesize
ofthemisvariablerangmguptoseveraltensofmicrons(maximum300"、)．Thevshowed
noregulararl-angements，thatis，theseopalsare”common'，or”potch”ones・
Mostopalinesphereshaveaperfectlysphericalforms,butinsomerarecasestheyshow
notsphericalforms，suchascocoon-likeorwart-like（PlatelVC，D，VA)．Theopaline
spheresshowingsuchformsaremostoftenlocatednearbythesiliceousoolites(PlatelⅡA）
Someopalinespheresshowotherunusualforms：someopalinespheresarehollowlike
arubberballorplng-pongball（PlateVB)．Someotheropalinespherescontalnsmaller
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spheresinthehollow(PlateVC)．Somespherescontainpropellers(PlateVD)．Occaslon
allythesesmallspheresandpropellersarefoundtogetherwithinasinglelargeropaline
sDhere(PlateⅥA)．Also,otheropalinesDherescontainsiliceousmaterialsshowingmysteri
ousforms(PlateVIB～D)．Someoftheselooklikehexagonalcrystals(PlateⅥC,D)．
Somesiliceousooliteshavemanvfineopalinesphel-esontheirsurfaces,whicharesimilar
tothoseinoDal・SomeoftheoDalinesphereswereburiedpartlyunderthethegroundofthE
siliceousoolitesurface(PlatelⅡA,B)．Ingeneral,thesiliceousoolitesshowedmanyhumps
ontheirsurfaces（PlatelllC～F,IVA)．
Discussion
SEM-observationsofopalinespheresfromtheTateyamaHotSpringShin-yushowthat
someopalinesphereshavesomewhatstrangeformsuchascocoon-like（PlatelVC）and
wart-like(PlatelVD,VA)．Someotheropalinesphereshavesmallspheresormaterialslook
likepropellerandhexagonalcrvstals，Theseobservationscannotbeexplainedbythe
conclusionsofferedbyDarragh,PJ､et､al(1966),whoemphasizedthat”Theevaporatlonof
waterfromasolutionofsilicaproduceshomogeneoussizedparticles,20to50nanometersm
diameter，thatclusteraroundacentralparticle"，
TheoDalinesDheresfromtheTateyamaHotSpringShin-yumustbeincreasedinsize
uponcollisionandassimilationwitheachother、
OnthesurfacesofthesiliceousoolitesfromtheTatevamaHotSpringShin-yu,thereare
manvoDalinespheresandsomeofthemwereburiedpartlyunderthethegroundofthe
siliceousoolitesurface(PlateⅡ1A,B)．Ithinktheseevidencesindicatetheprocessesofthe
siliceousoolitesassimilatingthesurroundingopalinespheres・Furthermore，thesiliceous
oolitesshowedmanyhumpsontheirsurfaces(PlatelllC～F,IVA)．Thesearetherelictform
thatthesiliceousoolitesassimilatedtheopalinespheres，
SiliceousoolitesfromtheTateyamaHotSpringShin-yulncreasedindiameterthrough
assimilationoftheoDalinesDheresthatcollidedwiththemasbothHoatedinthehotsprlng
風γater、
Thoughthepresentconclusionsdifferfromthoseofotherauthors，Isuggestthatsome
oDalsandsiliceousoolitesfromthehotsprlngwereformedthroughtheaboveoutlined
processes．
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ExplanatlonsofPlatel
A：TatevamaHotSpring（Shin-yu）andtheoutcr〔)pwhel-esiliceousoolitesandopalwere
collected．
B：Aspeclmencomp()sed()fsiliceoL1soolites．
C：EnlargedphotographofboxinB．
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ExplanatlonsofPlatell
A：Apolishedspeclmencotainingbothsiliceousoolitesandopal･Scale,1cm．
B：EnlargedphotographofboxmA．
C：SEM-imageofboththesiliceousoolitesandopalinespheresfillingspaceamongthe
siliceousoolites･Longbar，lOOum．
D：SEM-imageofaportlonofsiliceousoolite（upperhalfofphoto）andopalinespheres
Lo'19bar,l伽､.
Platell
ExplanatlonsofPlateⅡ1
A：SEM-imageofasiliceousoolitesurface,suggestlngcollisionswithmanyopalinespheres・
Someopalinesphereshavebeenassimilatedintothesiliceousooliteground･Scale，l()〃m≦
B:EnlargedphotographofupperleftpartinA,Scale,い､.
C：SEM-imageofsiliceousoolite，Scale，100座、．
D：EnlargedphotographofboxinC，Scale，100“､．
E：EnlargedphotographofboxinD、Scale，10ﾒzm．
F：Enlargedphotograph()fboxinE･Thesiliceousoolitehasmanyhumps,suggestlngth錘
theygrewbyassimilationofopalinespheres・Scale，10浬、．
Platelll
ExplanatlonsofPlatelV
A：SEM-imageofsiliceousooliteandopal・ManvhumDsarevisibleonthesL1rface()fthご
siliceousoolite．L()､9bar，10浬、．
B：SEM－imageoftheopal、Theopaliscomposedofopalinespheres，Theslzeofthese
opalinespheres1snotuniformandthespheresarrangementlsnotregula1．．Lo'1gbaI･’10〃In
C：SEM－imageofopalinespheresshowingslightlyelongatedforms、Longbar，10〃、．
D：SEM-imageofopalinespheres，Largespherewasproducedbyassimilatingthesmalle
ones・Longbal－，10〃、．
PlatelV
ExplanatlonsofPlateV
A：EnlargedphotogI-aph()fboxinPlatelVD，LargespherehascollidedwithsmallsDheres
andassimilatedthem･Longbar，10〃、．
B:SEM-imgeofopalinespheres､HollowinthespheresaI-evisible･Longbar,い､.
C：SEM－imageofthe()palinespheres・Thespherecontalnsseveralsmallersphereswithin
ltoLongbar，lum．
D：SEM－imgeofthe（)palinespheres・Onelargespherecontalnsapropeller-likeforln
Longbar，l〃、．
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PlateV
Expla'1atlo'1sofPlateVI
A：SEM-imageofopalinespheres・Onespherecontalnsseveralsmallerspheresll］a
pl-opeller"・LoI1gbar，10“m
B：SEM-imageofopalinespheres・SeveI-alofthespheresarehollow・Longbar，lOjfm．
C：SEM-imageofopalinespheres・nespherecontal'1amaterialwhichisnearlyhexagonaL
Longbar，lum．
D：EnlargedphotographofC･Longbar，l〃、
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